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The positive nature of the conductivity type has been examined by the Hall 
effect measurements on high purity Bi (99.9999 %) films evaporated in high 
vacuum 5 ........ 9 x 10-7 Torr. The thinner films deposited on glass substrates heated 
at 150°C showed an enhancement of the positive nature compared with those 
prepared at room temperature. 
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In the galvanomagnetic study of a semimetallic bismuth, in a form of bulk or film, 
it has always been assumed-in some cases it has been confirmed experimentally-
that the charge-neutrality condition holds; the density of electrons and holes is equal. 
This seems not to be the case for thin films, in which there exist a number of 
crystal imperfections and the size effect.I-a) Our previous results3) on less pure Bi 
(99.99%) films prepared in vacuum--10- 5 Torr at room temperature have shown that 
the Hall coefficients for films with thickness t<500 A are positive at room tempera-
ture and become negative as the temperature is lowered, indicating the presence of 
a local acceptor state. The local state was thought to be due to the impurity of the 
starting material used and also due to the contamination involved in less high 
vacuum system. On the other hand, the Seebeck effect or thermoelectric power was 
found to be negative for films with t=100 ........ 1000 A in the temperature range 300-77 
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To have an insight into the positive nature of the conductivity type of the ther-
mally evaporated Bi films, we have used Bi element of hi!:,h purity (99.9999%) supplied 
from Prof. S. Tanuma (University of Tokyo) and deposited it onto a glass substrate 
(at room temperature and 150°C) in a high vacuum system with the cold-trap (5 ........ 9 x 
10-7Torr). The sample was prepared in almost the same way as the previous one. 
It was found, however, that the films deposited at 150°C even in such a high vacuum 
were easily oxidized with O2 or H20 outgassed from the heated glass, when it was 
not baked well. For this, the substrate was baked at an elevated temperature (-350° 
C) for 5 ........ 7 hours prior to the Bi deposition; the Bi films prepared in this manner 
were found to be very clean. 
For these :films prepared at room temperature and 150°C we have carried out the 
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transport measurements such as the resistivity, Hall effect and magnetoresistance. 
In Fig. 1 is shown only the temperature dependence of the Hall coefficient, in which 
we are interested here; the solid curves 
indicate the samples prepared at 150°C 15 
(denote here type A) and the dotted cur-
ves those prepared at room temperature 
(Type B). It is to be noted that for the 
Bi films of type A an enhancement of 
the Hall coefficient R is seen as the film 
thickness t is decreased, while thicker 
films show a sign reversal at a certain 
temperature (the curve for t=900 A, not 
shown in Fig. 1, is almost the same as 
the dotted curve of 600A of Type B) and 
R is always negative for films with t> 
1000A. On the other hand, the samples of 
type B with t<400A show the same behav-
ior, the magnitude and the sign reversal, 
as the previous data of impure films 
reported thus far.a) However, differences 
between the present and previous data are 
noticeable; now the values of R show the 
sign reversal even for films with t=600 
and 1000 A, whereas it is not seen in the 
impure films, whose conductivity type is 
always negative. 
These results suggest us that the posi-
tive nature of the conductivity type may 
not necessarily be attributable to the 
impurity of the material and contami-
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Fig. 1 Temperature dependence of the 
Hall coefficent R for various 
films (nominally 99.9999% pure) 
prepared at room temperature 
(dotted lines) and at 150a C (solid 
lines). 
nation from the vacuum system. It may be characteristic of the thin films, in which 
there exist the formation of small islands and the surface state or the boundary 
effect; thus far all the Bi films are covered with evaporated soft-glass. We must 
examine further the effect of glass-coating on the electrical properties. Furthermore, 
it was noted from the scanning electron microphotograph of the present pure Bi 
films that the size of the grown-grain was smaller than that of the impure Bi films 
reported previously; 5) we believe now that the growth of nucleations is promoted by 
the presence of impurities involved during the deposition. 
At all events, in a sense of carrier transport the positive Hall coefficient observed 
in pure and impure Bi films is suggestive of the presence of a local acceptor state 
and the charge-neutrality is not fulfiled, as in bulk Bi. It may be expressed asa) 
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n+Na- p 
·· .. •·• .. (1) 
where n, p and N a-are the density of electrons, holes and ionized acceptors, res-
pectively. However, the identification of the local state in the energy band is not 
definite; previously we have supposed that a band gap is formed at the film thick-
ness (500A) corresponding to the de Broglie wavelength of the carriers and the 
acceptor level lies near above the top of the valence band.3) 
Now the present Hall-effect data, in particular for films of type B with positive 
nature even in the range 200-1000A, imply another possibility that the overlapping of 
both bands is not lifted up to form a semiconductor-like band, but the band structure 
remains to be of a semimetallic type even in thinner films. In this case the location 
of the acceptor state may be above the 
electron Fermi level, as demonstrated in 
Fig. 2; the resultant Fermi level is pushed 
downward as shown by a dotted line. The 
Fermi energy can be determined by eq. 
(1), although the quantities in eq. (1) may 
not be obta;nable from the direct meas-
urement of the Hall coefficient. Numerical 
evaluation of the transport data will give 
us more detailed information. 
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Fig. 2 Schematic energy band structure 
of Bi. The acceptor state is tent-
atively assumed to lie near above 
the electron Fermi level. The 
chain line shows the resultant 
Fermi level. 
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